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The effect of chlorsulfuron [2-chloro-N-(4-methoxy-6-methyl-
1 ,3,5-triazine-2-yl) aminocarbonyl benzene sulfonamide] was 
studied on different photochemical reactions in isolated 
chloroplasts of kidney beans (Phaseolus vulgaris L). 
Chlorsulfuron (10 - 4 mol dm - 3) inhibited both cyclic and 
non-cyclic photophosphorylation and C02 fixation by 15%, 
22% and 17% respectively, whereas electron transport was 
stimulated by 10%. Although chlorsulfuron at high 
concentrations functions as an uncoupler of photophos-
phorylation in chloroplasts, it does not operate primarily as 
an inhibitor of photosynthesis. 
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Die invloed van chloorsulfuron (2-chloro-N-(4-metoksi-6-
metiel-1 ,3,5-triasien-2-iel) aminokarboniel-benseen-
sulfoonamied] is op verskillende fotochemiese reaksies in 
ge"isoleerde chloroplaste van boontjieblare (Phaseolus 
vulgaris L.) nagegaan. Chloorsulfuron (10- 4 mol dm - 3) het 
sowel sikliese en nie-sikliese fotofosforilering asook 
C02-fiksering met 15%, 22% en 17% onderskeidelik 
ge"inhibeer terwyl elektronoordrag met 10% gestimuleer is. 
Alhoewel chloorsulfuron teen hoe konsentrasies as 'n 
ontkoppelaar van fotofosforilering in chloroplaste optree, 
funksioneer dit nie primer as 'n inhibeerder van fotosintese 
nie. 
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Introduction 
Chlorsulfuron [2-chloro-N-(4-methoxy-6-methyl-I ,3,5-triazine-
2-yl) aminocarbonyl benzene sulfonamide] is a relatively new 
herbicide used for the control of broadleaf weeds in cereals. 
An important feature of this compound is its high herbicidal 
activity; the recommended rates (10- 40 g a.i./ha) are con-
sequently much lower than those used for other herbicides 
for the same purpose (Palm, Riggleman & Allison I980). 
Chlorsulfuron is readily taken up and moves freely through-
out the plant. Death is generally slow and chlorosis, necrosis, 
terminal bud death and vein discolouration are frequently 
observed (Ray I980). The tolerance of crops such as wheat 
and barley is related to the conversion of the compound to 
inactive products by the plants (Sweetser & Hutchinson I982). 
Chlorsulfuron is a member of a new group of herbicides, 
the sulphonyl ureas (Levitt, Bingeman & Barier I980). It 
contains inter alia a urea and an s-triazine moiety; derivatives 
of both these compounds are potent inhibitors of photo-
synthesis (Ashton & Crafts I98I). 
In a previous study (De Villiers, Vandenplas & Koch I980), 
isolated cells from leaves of Phaseolus vulgaris were used to 
determine the effect of chlorsulfuron on different biochemical 
processes in the cells since it has been shown that these cells 
can be utilized to localize the metabolic site(s) of action of 
a herbicide (Ashton eta!. I977). As it was found that chlor-
sulfuron at high concentrations inhibits C02 fixation in the 
mesophyll cells, the present study was undertaken to determine 
the effect of chlorsulfuron on different photochemical re-
actions in chloroplasts isolated from leaves of Phaseolus 
vulgaris. 
Materials and Methods 
Kidney beans (Phaseolus vulgaris L. , var. Top Crop) were 
grown in moist perlite in a growth room under a I6-h photo-
period. Light with an intensity of 9,6 W m - 2 at the level of 
the primary leaves was supplied by a combination of fluores-
cent and incandescent lights. Growth chamber day tempera-
ture was 25°C and night temperature was I8°C. Leaves 
harvested 10 days after planting were used for the different 
experiments. 
Chloroplasts, used to study C02 fixation, were isolated at 
4°C as described previously (Bucke, Walker & Baldry I966). 
Leaves (20- 30 g) were homogenized for 5 s in an Omnimixer 
in 200 cm3 homogenizing medium consisting of 0,33 mol 
dm- 3 sorbitol; 0, I mol dm- 3 K2HP04- KHzP04 buffer (pH 
6,8); 0, I OJo NaCl and 0,02 mol dm- 3 sodium isoascorbate. 
The homogenate was squeezed through two layers of cheese 
cloth and then filtered through eight layers of cheese cloth. 
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The filtrate was centrifuged by allowing the centrifuge to 
accelerate to 4 500 x g and then stopping it as quickly as 
possible. The supernatant was discarded and the pellet re-
suspended in a medium consisting of (in mmol dm- 3): sor-
bitol, 330; EDT A, 2; MgCh, 1; sodium isoascorbate, 2; 
K2HP04, 0,5; Na2P201, 5 and MES buffer, 50, all adjusted 
to pH 7,6. 
Chloroplasts used to study electron transport (photo-
reduction of ferricyanide), were isolated at 4°C by the method 
of Avron (1960). Leaves (20- 30 g) were homogenized in a 
Waring Blendor in 150 cm3 homogenizing medium consisting 
of (in mol dm- 3): sucrose, 0,4; K2HP04- KH2P04 buffer 
(pH 7,3), 0,05; KCl, 0,1 and sodium isoascorbate, 0,02. The 
homogenate was squeezed through two layers of cheese cloth 
and centrifuged for 2 min at 500 x g to remove cell debris. 
The supernatant was recentrifuged for 7 min at 1 000 x g. 
The pellet was suspended in 150 cm3 homogenizing medium 
(from which sodium isoascorbate was omitted) and centri-
fuged for 2 min at 500 x g. The supernatant was transferred 
and recentrifuged for 7 min at 2 000 x g. The final pellet 
was resuspended in homogenizing medium (pH 6,5) from 
which sodium isoascorbate was omitted. 
14C02 fixation was determined at 20°C in a Gilson respiro-
meter with an illumination of 23,5 W m - 2 at the level of the 
reaction flasks. The flasks contained 0,8 cm3 chloroplast 
suspension; 0,1 cm3 NaH14C03 (which contained 0,74 MBq 
NaH14C03 and 7,5 mmol dm - 3 cold NaHC03) and 0,1 cm3 
chlorsulfuron solution. After a 15 min incubation period 
samples (0,1 cm3) were taken and placed on filter paper discs. 
The discs were saturated with formic acid twice, dried with 
a hot-air blower and the radio-activity was determined after 
the disc was placed in counting vials and scintillation fluid 
added. All the counts were corrected for quench caused by 
the filter paper and chlorophyll. 
Electron transport was determined by the reduction of 
ferricyanide at 420 nm after illumination (23,5 W m- 2) of 
the reaction mixture for 10 min (Cherry 1973). The reaction 
mixture contained 8,0 cm3 incubation medium consisting of 
(in mol dm- 3): Tris-HCl (pH 7 ,2), 0,037; KCl, 0,02 and 
ferricyanide, 0,0005; 1 cm3 chloroplast suspension and 0,2 cm3 
herbicide solution. All the reactions were carried out in air 
at 30°C. At the end of the incubation period the lights were 
turned off and the tubes placed on ice. One cm3 TCA was 
then added and precipitated protein removed by centrifu-
gation. 
Non-cyclic phosphorylation was determined at 25°C as 
described previously (Moreland et a/. 1970). Chloroplasts ( 1 ,2 
cm3) were incubated in a reaction mixture (4 cm3) containing 
(in !-!moles): Tris-HCl buffer (pH 8,0), 50; NaCI, 50; MgC}z, 
10; Na2HP04, 2; ADP, 5 and K3Fe(CN)6, 8. The reaction 
flasks were illuminated by two PAR 38 lamps (150 W) with 
an intensity of 44,1 W m- 2 at the level of the flasks. A water 
filter was interposed between the light source and the reaction 
flasks as a heat barrier. After a 10-min illumination period, 
the reaction was terminated by the addition of 1 cm3 100Jo 
TCA. The precipitated protein was removed by centrifugation 
and the uptake of inorganic phosphate in the supernatant was 
determined photometrically (Merck 1970). 
Cyclic phosphorylation was determined at 25°C as des-
cribed previously (Alsop & Moreland 1975). Chloroplasts (1,2 
cm3) were incubated in a reaction mixture (4 cm3) containing 
(in !-!moles): Tris-HCl buffer (pH 8,0), 50; MgCh, 10; 
Na2HP04, 2,5; ADP, 2,5; dithiothreitol, 30 and phenazine 
methosulfate, 0,1. Reaction mixtures were illuminated as 
described for non-cyclic phosphorylation, whereafter the 
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reactions were terminated and inorganic phosphate uptake was 
measured as given above. 
Chlorophyll was determined by the method of Arnon 
(1949). 
Chlorsulfuron was purified by recrystallization from an 
ethanol-water solution. Chlorsulfuron concentrations (in mol 
dm - 3) of 0,10- 7, 10- 6, 10- 5, and 10- 4, respectively, in 1% 
(v/v) ethanol (in the final volume of the different incubation 
media) were used. 
All the experiments were repeated three times and the 
significant differences assessed by means of an analysis of 
variance according to Snedecor & Cochran (1967). 
Results 
Although the rates of the different reactions were calculated 
as change/ rug chlorophyll/ h, these data are expressed as a 
percentage of the control (no chlorsulfuron present) for ease 
of comparison. The effect of chlorsulfuron on different 
photochemical reactions in isolated chloroplasts is presented 
in Table 1. 
Table 1 The effect of chlorsulfuron on different photo-
chemical reactions in chloroplasts isolated from leaves 
of Phaseo/us vulgaris 
Non-cyclic Cyclic photo-
C0 2 Electron photophos- phosphory-
fixationa transportb 
Concentration 
phorylationc lationd 
(mol dm - 3) OJo of control 
w-7 98 98 98 100 
w-6 98 97 99 !02 
w- s 93 95 93 98 
w-• 83 110 78 85 
LSD (P = 0,05) 9,5 6,0 8,2 4,4 
3 Rate of C02 fixation of control = 42,7 !llliOles C02/ mg chl/h 
bRate of electron transport of control = 99,0 !lffiOles ferricyanide 
reduced/ mg chl/h 
cRate of non-cyclic photophosphorylation of control = 87,0 !llliOles 
Pi incorporated/ rug chl/ h 
dRate of cyclic photophosphorylation of control = 126, I !lffiOles Pi 
incorporated/ rug chi/h. 
The data indicate that only the highest concentration (10 - 4 
mol dm- 3) of chlorsulfuron inhibited C02 fixation and cyclic 
and non-cyclic phosphorylation significantly, by 17%, 15% 
and 22%, respectively, in the chloroplasts, whereas electron 
transport in PS II (reduction of ferricyanide) was stimulated 
by 10%. Lower levels of chlorsulfuron had no significant 
effect on the different photochemical activities in the chloro-
plasts. 
In a previous study it was found that 10 - 4 mol dm- 3 
chlorsulfuron inhibited C02 fixation in isolated leaf cells from 
kidney beans by 23% (De Villiers, Vandenplas & Koch 1980). 
Ray (1982), however, found that high levels (2 X 10 - 4 mol 
dm - 3) of chlorsulfuron caused no inhibition of C02 fixation 
in cells isolated from spinach. He also found that chlor-
sulfuron (2 x 10- 4 mol dm - 3) had no effect on oxygen 
evolution in isolated pea chloroplasts, whereas 10 - 4 mol 
dm- 3 chlorsulfuron inhibited this reaction in chloroplasts 
from kidney beans by about 30% (De Villiers, Vandenplas 
& Koch 1980). 
Previous results obtained indicated that chlorsulfuron (10- 4 
mol- 3) had no effect on the light -induced A TPase activity 
of chloroplasts from kidney beans (De Villiers, Vandenplas 
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& Koch 1980). The inhibition of photophosphorylation in the 
chloroplasts by 10- 4 mol dm- 3 chlorsulfuron in the present 
study is therefore probably not related to ATPase activity. 
The possibility thus exists that chlorsulfuron acts as an un-
coupler of photophosphorylation at relatively high concen-
trations (10- 4 mol dm - 3), since it was also found that electron 
transport was not inhibited by this concentration of chlor-
sulfuron, but was stimulated by 1007o. 
Although high concentrations (I 0- 4 mol dm - 3 and higher) 
of chlorsulfuron inhibit photosynthesis to some extent in 
isolated cells and chloroplasts from kidney beans, results have 
shown that the concentration of chlorsulfuron required to 
inhibit photosynthesis is 10 000 times higher than that needed 
to inhibit plant growth and cell division (Ray 1982). The 
inhibition of photosynthesis by chlorsulfuron is thus not the 
primary mode of action in plants. Results also showed that 
other metabolic processes such as RNA synthesis, protein 
synthesis, respiration and lipid synthesis are not inhibited by 
chlorsulfuron at concentrations below 10- 4 mol dm- 3 (De 
Villiers, Vandenplas & Koch 1980; Ray 1982). 
The latest findings on the mode of action of chlorsulfuron 
indicate that it acts by inhibiting the biosynthesis of the amino 
acids, valine and isoleucine, in plants (Ray 1984). The precise 
site of action of chlorsulfuron appears to be the inhibition 
of the enzyme acetolactate which catalyses the first step in 
the biosynthesis of the above-mentioned amino acids. 
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